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(54) Sensor and production method of and measurement method using the same 

(57) There is provided a sensor for the measure- 
ment of a content of a material in liquid which material is 
oxidized with an oxidase enzyme in which sensor a rea- 
gent layer is formed on an electrode system composed . \ 
of a measuring electrode and a counter electrode both ^ - ' r ■' ^ 
of which are formed on an insulating substrate, the rea- 
gent layer is composed of a hydrophilic polymer layer f 
comprising a hydrophilic polymer and a reactive layer > ^ 
comprising the oxidase enzyme and an electron carrier, 
and the reagent layer further comprises a phosphate. 
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Description 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Invention relates to a sensor which precisely, rapidly and easily ^n^ieasures a concentration of a 
- certain component (tor example lactic acid, glueose. cholesterol and so on) in an extremely small amount of liquid such 
as body fluid (for example blood (whole blood), plasma, urine and saliva), for example a lactic acid sensor, and a 
10 method for the production of the sensor and a method for the measurement of the concentration of the certain compo- 
nent in the liquid. 

Description of the Related Art 

15 [0002] Japanese Patent Kokoku Publication ( JP-B) Ma 56-4557 (1 983) discloses a composition for the measurement 
of lactic acid applied to test paper which measures a lactic acid concentration in blood, In the test paper, a support has 
a reagent layer thereon which contains lactic acid oxidase (LOD), peroxidase and a color producing reagent. When the 
paper is used, the lactic acid concentration is determined measuring reflectance which changes based on the lactic 
acid concentration. Japanese Patent Kokoku Publication (JP-B) No 5-79319 (1993) proposes a composition for the 

20 reagent layer which composition contains lactic acid dehydrogenase, nicotinamide adenine dinucleotide (NADH), an 
electron carrier and a telrazolium salt. 

[0003] In each of those Publications, a coloring reaction is detected using an optical apparatus after blood has been 
impregnated through a developing layer on the support followed by absorption with the reagent layer. Since a 
hydrophilic porous members are used for the developing layer and the reagent layer, a relatively large amount of blood 
25 (fibnut 20 is required even in the simple measurement method. In addition, when an amount of blood is too smalt, 
color producing is not uniform, which may lead to an adverse effect on measurement accuracy or which may nrake the 
measurement impossible. 

[0004] Japanese Patent Kokai Publication (JP-A) No. 6-94672 (1994) discloses a method of quantifying a lactic acid 
concentration with the use of an enzyme electrode. In the method, a sensor is used which comprises an reagent layer 
30 composed of a hydrophilic polymer. LOD. an electron carrier on a measuring electrode and a counter electrode which 
are both formed on an insulation substrate, and a spacer and a cover are laminated on the reagent layer Since the elec- 
trode of the sensor is small, it can measure even at very small amount of liquid (for example 5 pi). Further, blood is auto- 
matically absorbed with capillarity so that the blood spreads uniformly on the electrodes. So, occurrence of mis- 
measurement is suppressed. 

35 [C005] A principle of the measurement with the en;ryme electrode using the electron carrier as described above will 
be explained with an examr>le of the measurement of the lactic acid concentration: 

[0006] When a substrate "S" (of which concentration is to be measured, for example lactic acid) is oxidized to a prod- 
uct "P" (for example pyruvic acid) by an enzyme "E' (tor example lactic acid oxidase), an active center of the enzyme 
"E" Is converted from an oxidizing type "E(ox)" to a reducing type "E(red)". The reducing type enzyme "E(red)" is 
40 returned to "E(ox)" through a compound of an oxidizing type "M(ox)" which functions as an electron carrier for the 
enzyme and the electron carrier is converted to "Mired)", Simultaneously, ''M(red)*' is electrolysed to "M(ox)" under a 
proper applied voltage on a working electrode. A substrate concentration can be determined by measuring oxidizing 
current upon the electrolysis. 

[0007] The above measurement principle can be expressed as foliows with reference to the lactic acid concentration 
45 measurement using lactic acid oxidase (LCD): 

Lactic acid LOD(ox) => pyruvic acid + LOD(red) (1) 

LOD(red) + M(ox) => LOD(ox) + M(red) + (2) 

50 

M(red) => M(ox) + e* (3) 

[0008] The measurement method using the enzyme etectrods is described in J. R. Mor and R. Guanaccia, Anal. Bio- 
chem.. vol. 79. pp 319 (1977). which is herein incorporated with the reference. 
55 [0009] When such a sensor is used, a liquid sample of. for example, whole blood, plasma, urine or saliva is automat- 
ically absorbed under the capillarity by contacting it with a sample inlet of the sensor. As the absorption proceeds, air 
is vented through an exhaust port so that the liquid sample is distributed throughout the reagent layer. Immediately after 
the sample absorption has been completed, dissolution of the reagent layer begins and the enzyme reaction proceeds 
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according to the above equation (1). 

[0010] As the electron carrier, a ferrocene, potassium ferricyanide, a benzoquinone and so are used. The reducing 
type compound "M(rcd)" formed in the above equation (2) is electrolytically oxidized according to the above equation 
(3) by the application of a constant voltage in the range of 0.3 to 0.6 V to the electrode system through an application 

5 circuit from an outside power source. Since the current (e') obtained thereon is directly proportional to the lactic acid 
concentration, the lactic acid concentration in the sample can be obtained by the measurement of the current. 
[0011] The above sensor almost directly uses what is disclosed in Japanese Patent Kokai Publication (JP-A) No. 3- 
- 54447 (1 991 ) with respect to a glucose sensoir^nd it has a problem peculiar to the enzyme electrode and another prob- 
lem during the measurement of the lactic acid concentration. , 

10 [0012] First, an Interaction between impurities contained the hydrophilic polymer and the oxidase enzyme increases 
background current during the measurement. For example, the tactic acid concentration is about one tenth of a glucose 
concentration In blood. So, If the background current is increased, measurement accuracy is affected especially when 
the lactic acid concentration is small. 

[001 3] Further, a production cost of the sensor for the concentration measurement of lactic acid is in particular a prob- 
15 lem. That is, since LOD is about hundred times as expensive as glucose per a unit, a large amount of LOD Is to be con- 
tained in the sensor in order for one sensor to cover a large measurable range, which leads to a large cost of the sensor. 
Thus, an amount of LOD used ♦or the sensor should be minimized from a viewpoint of the production cost. 
[001 4] On the other hand, there is some possibility thQt the reagent layer is partially peeled off due to dryness of the 
layer. If the used amount of the L.OD is minimized considering the. cost, the amount of LOD is insufficient, which makes 
20 measurement reproducibility worse. 

[001 5] When other oxidase enzyme is used, similar problems occur which are not so remarkable as in LOD. 
[001 6] Further, when the sensor is stored under a high humidity condition for the purpose of the suppression of the 
reagent layer dryness, peeling off is prevented. However, the background current is gradually increased due to an effeci 
of remaining water in the reagent layer, which leads to another problem of a worse storage stability of the sensor. There- 
25 fore, the rjeagent layer having a peeling off resistance should be formed immediately after the removal of water content 
in the reagent layer. 

SUMMARY OF THE INVENTIO N 

30 [0017] It is. therefore, an object of the present invention to provide a sensor which precisely measures a content (for 
example a concentration) of a material to be measured in a liquid sample and which can be produced at a lower cost. 
[0018] The present invention provides the following modifications (1) to (3) in a reagent layer of a sensor (for example 
a lactic acid sensor) for the measurement of a content (for example a concentration) of a material to be measured (for 
example lactic acid) in liquid (lor example in blood) which is oxidized by an enzyme in which the reagent layer is formed 

35 on at least a portion of an electrode consisting essentially of a measuring electrode and a counter electrode both of 
which are formed on an insulation substrate, the reagent layer is composed of a hydrophilic polymer layer and a reactive 
layer comprising an oxidase enzyme, and the reagent layer is preferably is composed of the reactive layer which is 
formed on the hydrophilic layer: 

"io (1) Addition of a phosphate to the reactive layer increases an activity of the oxidase enzyme so thai even a small 
amount of the oxidase enzyme is not insufficient in its activity and linearity of the activity is obtained up to a high 
concentration of the material to be measured (for example lactic acid); 

(2) Using a highly pure hydrophilic polymer (which is obtained by for example reducing an amount of impurities con- 
.tained in the hydrophilic polymer by additionally purifying a commercially available hydrophilic polymer) decreases 

45 background current so that measurement accuracy Is Improved; and 

(3) Further addition of an alkylene oxide polymer to the reactive layer and/or the hydrophilic polymer layer prevents 
peeling off of the reagent layer. 

[001 9] Therefore, in the first aspect, the present invention provides a sensor (for example a lactic acid sensor) for the 
so measurement of a content (In particular a concentration) of a material in liquid which is oxidized with an oxidase enzyme 
in which a reagent layer Is formed on an electrode system composed of a measuring electrode and a counter electrode 
both of which are formed on an insulating substrate, the reagent layer is composed of a hydrophilic polymer layer com- 
prising a hydrophilic polymer and a reactive layer comprising the oxidase enzyme (for example lactic add oxidase, 
LOD) and an electron carrier, and the reagent layer further comprises a phosphate. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0020] 

5 Fig. 1 schematically shows a cross sectional view of the lactic acid sensor of the present invention; and 

Fig. 2 is a graph which shows a response curve of a sensor produced in Example 1 with respect to a lactic acid 
concentration. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

[0021] In the present invention, the reagent layer is generally composed of two layers (the hydrophiiic polymer layer 
and the reactive layer). However, these layer are not necessarily separated into to layers in their strict meanings. 
Optionally, the two layers may be mixed together. Particularly, they may be present together depending on the produc- 
tion method of the sensor. 

IS [0022] In the present invention, the measuring electrode is intended to mean an electrode on which the electron car- 
rier is oxidized or reduced, namely an electrode which works for the content measurement of the material to be meas- 
ured, and the counter electrode means an electrode which is opposed to the measuring electrode. 
[0023] In the present invention, the oxidase enzyme is an enzyme which catalyzes a reaction oxidizing a biomaterial 
(i.e. a material in an organism), and includes an oxidase, dehydrogenase and oxigenase and so on. Concretely, lactic 

20 acid oxidase, glucose oxidase, cholesterol oxidase, uricase. alcohol oxidase, NADH oxidase, diaphorase, lactic acid 
dehydrogenase and the like can be exemplified. Also, in the present invention, the material which is oxidized by the oxi- 
dase enzyme is a material of which content (such as concentration) is to be measured, namely a measured material. 
The measured material is tactic acid in the case of lactic acid oxidase, glucose in the case of glucose oxidase, and cho- 
lesterol in the case of cholesterol oxidase. ■ 

25 [0024] In the present invention, the measured material may be dissolved and/or dispersed in liquid. Further, the liquid 
is not particularly limited provided that tne measured material is dissolved and/or dispersed, and it may be water, ethyl 
alcohol or a mixture thereof. Thus, the liquid which contains the measured material may be body fluid such as blood, 
urine, plasma and saliva. 

[0025] The sensor, the method for the production o1 the sensor and the method of measuring the content, particularly 
30 the concentration (in the case of a solution) using tne sensor according to the present inventions will be, hereinafter, 
explained by an example in which tactic acid oxidase is used as the oxidase enzyme. Such present inventions are 
equally applied to other oxidase enzymes such as glucose oxidase and cholesterol oxidase. Concretely, lactic acid oxi- 
dase should be replaced with other enzyme, and the measured material (lactic acid) should be replaced with a material 
which is oxidized by said other enzyme when the present inventions are applied to said other oxidase enzyme. 
35 [0026] An electrode material which can used to form the lactic acid sensor of the present invention may be any mate- 
ria! which is generally used for electrodes. Concretely, carbon, a metal, an alloy, various compounds of the metal and 
the alloy (for example an oxide, a hydroxide, a halide. a sulfide, a nitride, a carbide and so on) can be exemplified. In 
addition, any combination such as a mixture or a v. -^posite of ttiose electrode materials may be used. 
[0027] in the present invention, the mixture means a material in which the electrode materials are mixed together in 
40 a micro-order, and the composite means a material in which the electrode materials are mixed together in a relatively 
large order than the micro-order (mixed in a so-called macro-order and not so uniformly mixed as the mixture) or a 
material in which separate materials are combined. 

[0028] As a preferred metal, silver, aluminum, gold, cobalt, barium, iron, manganese, nickel, lead, zinc, platinum, lith- 
ium, copper and so on may be exemplified. 
45 [0029] As a preferred alloy, cupro-nickel. manganin, an aluminum-silicon alloy, nickel-copper alloy and so on may be 
exemplified. 

[0030] As a particularly prefen ed metal compound, Mn02, Ag20, Pb02, V2O5, AgCl and so on may be exenplified. 

[0031] When carbon is used, various carbon materials may be used such as graphite, pyrolytic carbon, glassy carbon. 

acetylene black and carbon black. Of course, conventional amorphous carbon material can be used. 
50 [0032] When the electrode materials are used as the mixture or the composite, a combination of I^n02 and acetylene 

black, a combination of platinum and graphite and a combination of silver and silver chloride can be exemplified. 

[0033] In the lactic acid sensor according to the present invention, an electrode structure is not particularly limited and 

various structures can be employed which have been used for the enzyme electrode in the glucose measurement field. 

The electrode may be in the form of a wire, a rod or a lamina. The electrodes are so arranged that they are connected 
55 to a proper circuit which measures current. In a particularly preferred embodiment of the present invention, an electrode 

in the form of a thin layer is used (see for example Fig. 1). 

[0034] Such an electrode can be formed by the conventional method for the formation of a laminar electrode. That is. 
an electrode material paste is prepared by mixing electrode material powder having a predetermined size, a binder 
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(such as a polyvinyl chloride, an epoxy resin, neoprenc or cellulose) and a proper solvent (such as tetrahydroluran, tol- 
uene or iso-propanot) and an optional conductive material (such as carbon powder or a conductive polymer); locating 
the paste on a substrate (such as a poly(ethylene terephthalate) or ceramic strip substrate) in a predetermined thick- 
ness (for example within 1 0 to 200 pm) by a proper method (such as the screen printing) ; and then drying the paste and 

5 preferably sintering the paste to have a laminar electrode having a thickness of 1 to 50 pm. 

[0035] Further, when necessary, the electrode may be formed in an overlapping form of a plurality of the laminar lay- 
ers (for example, in a double laminar layer structure). Optionally, a conductive paste such as a silver paste may before- 
- hand applied to the substrate as a lead by the-similar method to that for the formation of tlie electrode, and then the 
electrode may be formed on the lead as described above. When the lead is thus formed between the electrode and the 

10 substrate, the following effect can be provided: Current is likely to pass the lead of a less resistance so that electrical 
resistance is reduced, which makes an applied voltage loss reduced. 

[0036] In the present lactic acid sensor, the reagent layer is formed on at least a portion of each electrode as 
described above, preferably a whole of each electrode as described above so as to completely cover the electrode. 
More preferably, a single reagent layer is provided on the both of the electrodes so as to completely cover the elec- 

75 trodes. The reagent layer is composed of the hydrophilic polyrrier layer and the reactive layer, and any layer may be in 
contact with the electrodes. Alternatively, each layer is not separated by a clear boundary and one layer is mixed with 
the other layer in the boundary, or both are mixed together throughout the whole reagent layer. In a particularly preferred 
embodiment, the hydrophilic polymer layer is formed on the electrode followed by the reactive layer thereon. 
[0037] The hydrophilic polymer layer functions as a binder which keeps the compounds contained in the reagent layer 

20 on the electrode when the sensor is stored. The hydrophilic polymer layer is a thin layer which functions as a separator 
between the electrode and the reactive layer (when the hydrophilic polymer layer is located between the electrode and 
the reactive layer), and makes absorption of a sample (such as blood) smooth. The hydrophilic polymer layer comprises 
a hydrophilic polymer. In the present invention, the hydrophilic polymer is a water-soluble material of a high molecular 
weight in which a monomer having a hydrophilic group(s) has been polymerized. 

25 [0038] The hydrophilic polymer is not particularly limited, but carboxymethyl cellulose (CMC) is preferably used, and 
other similar polymers may be used. For example, hydroxypropyl cellulose, methyl cellulose, ethyl cellulose may be 
used. Further. poly(vinyl pyrrolidone) and poly(vinyl alcohol) may be used. Optionally the hydrophilic layer may further 
contain a material having a surface activity such as phosphatidylcholine. The hydrophilic polymer layer is applied so as 
to cover at least a portion of each of the measuring electrode and the counter electrode, and preferably to completely 

30 cover the both electrodes. The application may be carried out by coating the electrodes with an aqueous solution of the 
hydrophilic polymer followed by drying. The hydrophilic polymer layer may have a thickness in the range of for example 
about 10 to 100 fim. 

[0039] In the present lactic acid sensor, the hydrophilic polymer is preferably of a high purity and for example a purity 
of 99.9 % by weight or more is preferable. When no high purity polymer is not available, the polymer may be preferably 
35 purified by mixing an aqueous solution of the hydrophilic-polymer with an organic solvent having a large volatility (such 
as acetone, tetrahydrofuran. methyl alcohol and so on) into which the hydrophilic polymer is not substantially dissolved 
so that impurities which is soluble into the organic solvent are removed from the polymer and by drying the recrystal- 
lized water-soluble polymer (i.e. the hydrophilic polymer). , 

[0040] Commercially available hydrophilic polymer, for example CMC. has a purity of less than 99.9 % by weight (the 
40 impurities are redox compounds, dusts in air, various germs, fats and oils and so on), and such CMC is preferably puri- 
fied to have a purity of not less than 99.9 % by weight and more preferably 99.99 % by weight so as to use in the present 
invention. For example. CELLOGEN (commercially available from Dai-ichi Kogyo Seiyaku Co.. Ltd.) includes at least 
0.1 % by weight of redox compounds upon the synthesis of CMC and various germs, dusts and oils as the impurities 
during the subsequent production process. 
45 [0041] In the present invention, when thus highly purified hydrophilic polymer is used, background current is reduced 
which leads to improved accuracy of the measurement. 

[0042] In the present lactic acid sensor, the reactive layer constituting the reagent layer comprises lactic acid oxidase 
(LOD), the electron carrier and the phosphate which are uniformly mixed together in a solid phase, preferably in a tt^in 
solid layer covering at least portions the measuring electrode and the counter electrode. Thus, when the hydrophilic pol- 

50 ymer is present as a separate layer, the reactive layer is present on at least a portion of the hydrophilic polymer layer. 
[0043] Such thin layers (the hydrophilic polymer layer and the reactive layer) may be formed by methods which are 
similar to the method for the formation of the electrode as described above. For example, a reagent paste is prepared 
which comprises the enzyme, the electron carrier, the binder and the solvent (for example water or ethanol. preferably 
ethanol). the paste is placed on the electrodes by a proper method (for example using a dispenser) so as to cover the 

55 electrodes and then the paste is dried into the solid phase. 

[0044] In the present lactic acid sensor, any electron carrier may be used which has been conventionally used for the 
so-called enzyme electrode. For example, potassium ferricyanide, benzoquinone, phenazine methosulfate, thionine. 
ferrocene, naphthoquinone. Methylene Blue, methoxy PMS, Meldola's Blue and so on can be used. 



5 
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[0045] The phosphate in the reactive layer used in the present lactic acid sensor is a salt which is dissolved into water 
to be ionized and to provide an alkaline solution. For example, dipotassium hydrogenphosphate is preferably used, to. 
which the phosphate is not limited. As other phosphates, the following can be exemplified: potassium dihydrogenphos- 
phate. disodium hydrogenphosphate. sodium dihydrogenphosphate, calcium phosphate and magnesium phosphate. 

6 These phosphates promote LCD's activity to improve the measurement accuracy. 

[0046] Further, the reactive layer of the present lactic acid sensor preferably includes a polymer in which ester bonds 
are mainly present, in particular an alkyiene oxide polymer. For example, the polymer is an alkylene oxide addition pol- 
- ymer which is esterif ied and/or transesterif ied with a polycarboxylic acid and/or its derivative to have a molecular weight 
of about 20000 to 300000. Inclusion of such a polymer provides the lactic acid sensor having improved reproducibility. 

10 As the alkylene oxide, the following may be used: ethylene oxide, propylene oxide, styrene oxide and butylene oxide. 
As the polycarboxylic acid and its derivative, the following may be used: maionic acid, succinic acid, maleic acid, 
fumaric acid, phthalic acid, tetrabenzyl cart>oxylic acid and an anhydride such as succinic anhydride and maleic anhy- 
dride, a lower alkyt ester such as dimethyl phthatate and dimethyl maleate. 

[0047] As the alkylene oxide polymer used in the present invention, a polymer can be used which has a plasticizer 
15 property and a rapid dissolution rate into water. For example, an ethylene oxide polymer or a propylene oxide polymer 
may be used. Such a polymer is for example commercially available as PAOGEN PP-15 or PAOGEN EP-15 from Dai- 
ichl Kogyo Seiyaku Co.. Ltd. 

[0048] Those alkylene oxide polymers contribute to peeling off prevention of the reagent layer, which results in ensur- 
ing the measurable range by the sensor. 
20 [0049] In the present invention, any suitable combination of the electrode material, the electron carrier, the phosphate 
and the hydrophilic polymer and the optional alkylene oxide polymer can be employed. The above modification (1), (2) 
or (3) may be employed alone or in any combination thereof. 

[0050] Matters to be considered in the present invention are a lactic acid concentration range to be measured, a 
reduction potential or an oxidation potential of the electron carrier, an electromotive force generated by the combination 
25 of the electrodes, a production cost, stabilities, a composition of the reaction layer and so on. Depending on the combi- 
nation of those matters, a suitable lactic acid sensor having proper features can be produced using for example the try 
and error method. 

[0051] One concrete example of a preferred sensor is shown below: 

30 Insulation substrate material: polyethylene terephthalate 

Electrode material: graphite 

Hydrophilic polymer layer material: CMC {purified by recrystallization) 
[0052] Reactive layer material composition 

35 

lactic oxidase: 200 - 800 units/ml. 

electron carrier: potassium ferricyanide 1 .0 to 5.0% by weight 

phosphate: dipotassium hydrogenphosphate 0.01 to 1 .00 % by weight 

alkylene oxide polymer: PAOGEN 0.01 to 1 .00 % by weight 

40 

[0053] The lactic acid sensor according to the present invention may comprise a spacer and a cover which are used 
in the conventional enzyme electrode on the reactive layer in the solid phase which comprises LOD, the electron carrier 
and the phosphate. 

[0054] Fig. 1 schematically shows a cross sectional view of the lactic acid sensor of the present invention. In Fig. 1 , 
45 the lactic acid sensor TO comprises an insulation substrate 1 on which leads 2 is located. Electrodes (a measuring elec- 
trode 3 and a counter electrode 4) are formed on the leads 2. In the embodiment shown in Fig. 1 , a reagent layer 7 com- 
posed of a hydrophilic polymer layer 5 and a reactive layer thereon is located on the electrodes so that it completely 
cover them. As described above, the reagent layer preferably covers the whole of the electrodes. However, it is not nec- 
essarily so and it is sufficient to cover at least a portion of each electrode. 
50 [0055] In the second aspect, the present invention provides a method for the production of the sensor (for example 
the lactic acid'sensor) of the first aspect. 
[0056] That is. the method comprises the steps of: 

forming an electrode system composed of a measuring electrode and a counter electrode on an insulating sub- 
55 strate; 

coating at least a portion of the electrode system with a hydrophilic polymer layer by applying a solution, preferably 

an aqueous solution containing a hydrophilic polymer to the electrode system followed by drying; and 

coating at least a portion of the hydrophilic polymer layer with a reactive layer by applying a solution, preferably an 
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aqueous solution containing a composition for the reactive layer comprising an oxidase enzyme (for example lactic 
acid oxidase), an electron carrier and a phosphate to the hydrophiltc polymer layer followed by drying. 

[0057] When the hydrophiiic polymer layer and the reactive layer are formed, the solutions (for example the aqueous 
solutions) tor the those layers are prepared, and the solutions are applied (for example dispensed) to the electrode sys- 
tem followed by drying thereof to,remove the solvents. 

[0058] In the production method, when the solution for the reactive layer is prepared so as to have a phosphate con- 
- centration of 0.01 to 1 .00 % by weight, particularly 0. 1 0 to 0.50 % by v^/eight, the sensor (lactic acid sensor) can be pro- 
duced which has a particularly better reproducibility and sensitivity. 
i: [0059] When the aikylene oxide polymer is contained in the hydrophiiic layer and/or the reactive layer, the solution for 
the formation of each layer preferably contains the polymer of 0.01 to 1.00 % by w/eight, particularly 0.10 to 0.50 % by 
wetghi. which is effective for the formation of the peeling off resistant reagent layer. 

[0060] In addition, the thus formed reagent layer may have thereon the spacer and the cover used in the conventional 
eoryme electrode, which have an aperture(s) through which a sample supplied on the cover can pass and penetrate 
f * iLv^ard irye reactive layer and the electrode system. 

[0061 ] T>>t? matters which have been explained in the above with regard to the sensor of the present invention (lactic 
'-^^H^sc I are also applied to the production method of the sensor (lactic acid sensor) and a measuring apparatus 
^irv) A mrvRM^ng method of the present invention which will be described below when they are proper. 
(006?1 m tn« tr>«f d aspect, the present invention provides a measuring apparatus for the concentration measurement 
r/ 'n.itxH (tor example lactic acid) which is oxidized by an enzyme in liquid with using the present sensor (lactic acid 
) j^^i t)mc in the above. That is, the apparatus comprises a sample supply detection circuit, a measurement tim- 
c.o^ a* :»curt an arithmetic circuit, a displaying circuit and a display member which indicate the concentration dis- 
( Ci, a'ti »i ^-^r^ comprises a member which receives or hold the sensor of the present invention (for example lactic 
/*. » 1 ) tTAt the measurement timing control circuit can detect current generated in the sensor (for example lac- 
1. rt< ti \ fv*pending on the concentration of the material to be measured. ;^ 

[0063) tn^ present invention, the sample supply detection circuit is a circuit whicH detects an impedance change 
an- 1} p^•o♦•^atlon o* the sample from a sample absorbing inlet which is through the cover and the spacer on the rea- 
u-'tt i^wtff xt\e veosor (for example lactic acid sensor) and starts a measurement program automatically. 
(00641 In tr>^ piesent invention, the measurement timing control circuit is a circuit which measures the current when 
30 an eru'y-T^e reaction proceeds after the supply of the sample and a circuit is closed after a period sufficient for the pro- 
dL>c:>on Grf a product "P". 

[0065] m the present invention, the arithmetic circuit is a circuit which converts the current value detected by the 
mtMu^ement timing-control circuit into a concentration of the materia! to be measured (for example lactic acid) based 
on an af ittvnetic equation (or a calibration curve) which has been beforehand installed in the apparatus. 
35 (0066 J m the present invention, the display circuit is a circuit which show the concentration converted by the arithmetic 
Ofcurt on the display member of the apparatus. 

[0067] As the above circuits described atx)ve. those may be used which are used in the apparatus including the con- 
ventional enzyme electrode. Detailed circuit information thereon can be obtained from for example Japanese Patent 
Kokai (JP-A) No. 4-357452 (1992), and the contents thereof are incorporated herein by the reference 

40 [0068] In the forth aspect, the present invention provides a method for the measurement of a concentration of a mate- 
rial (lactic acid) to be measured with using the sensor (for example lactic sensor) in the measurement apparatus 
(nanr>ely with Deing held by the sensor receiving member). The concentration of the material to be measured (for exam- 
ple lactjc acid) by the present invention is not specifically limited and it may depend on an amount of the sample to be 
used fo* the measurement. Also, the amount of the sample used for the measurement is not specifically limited. For 

45 example, an amount of 1 .0 to 5.0 ^l, particularly 3.0 to 5.0 ^1 may be used for the measurement. When such an amount 
is employed, the present method is particularly effective of the measurement of the measured material concentration in 
the range of for example 0 to 200 mg/dl, in particular 2 to 100 mg/dl. 
[0069] According to the present sensor, the following major effects are,obtained: 

so (1) The inclusion of the phosphate by the reactive layer suppresses the degradation of the oxidase enzyme (for 
example LOD) activity so that the concentration measurement is possible even though the measured material is 
present in a higher concentration. So, the concentration measurement is possible even with a small amount of oxi- 
dase exzyme, which reduces the production cost of the sensor (for example lactic acid sensor); 

(2) The use of the purified hydrophiiic polymer for the polymer layer reduces the background current so that the 
55 measurement accuracy of the sensor (for example lactic acid sensor) is improved; and 

(3) The inclusion of the aikylene oxide polymer by the hydrophiiic polymer layer and /or the reagent layer prevents 
the reagent layer from peeling off so that the measurement reproducibility is improved. 
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[0070] Thus, the sensor (lactic acid sensor) having the improved accuracy, sensitivity and reproducibility is provided 
undei those etiects. 

EXAMPLES 

[0071] Examples of the present invention will be explained hereinafter in detail. In the' Examples, the method for the 
production of the lactic acid sensor is also explained as an example. However, the present invention is not limited to the 
lactic acid sensor, and when glucose oxidase is-used as the enzyme, a glucose sensor is obtained similarly. When cho- 
lesterol oxidase is used, a cholesterol sensor is obtained similarly. 

Example 1 

[0072] Leads 2 were printed on an insulation substrate 1 of polyethylene terephthalate using silver paste with the 
screen printing, and a measuring electrode 3 and a counter electrode 4 were printed on the leads 2 using conductive 
carbon paste. 

[0073] Then, an aqueous solution of 0.5 % by weight of CMC as the hydrophilic polymer (commercially available from 
Dai-ichi Kogyo Seiyaku Co., Ltd. as a* trade name of CELLOGEN) was dispensed on the electrodes followed by drying 
to form a hydrophilic polymer layer 5. Subsequently, a solution having the following composition was dispensed on the 
polymer layer followed by drying to form a reactive layer 6. Thus formed lactic acid sensor is schematically shown in Rg. 
1 in its cross sectional view. 



LOD 


400 U/ml 


potassium ferricyanide 


2.0 % by weight 


dipotassium hydrogenphosphate 


0.5 % by weight 



Comparative Example 1 

[0074] A prior art sensor was formed by repeating Example 1 except that the solution for the reactive layer was pre- 
pared without addition of dipotassium hydrogenphosphate. Thus, the solution had the following composition: 



LOD 


400 U/ml 


potassium ferricyanide 


2.0 % by weight 



Comparative Example 2 

[0075] A prior art sensor was formed by repeating Example 1 except that the solution for the reactive layer was pre- 
pared without addition of dipotassium hydrogenphosphate. Also, it should be noted that the solution had the following 
composition: 



LOD 


800 U/ml 


potassium ferricyanide 


2.0 % by weight 



[0076] Lactic acid concentration in blood was measured using the sensors produced in Example 1 and Comparative 
Examples 1 and 2. The results thereof are shown in Fig. 2 by plotting current values generated through the reaction 
against the lactic acid concentrations in the blood. Upon the measurement, about 5 pi of blood was used. As seen from 
Fig. 2, when dipotassium hydrogenphosphate was added, a linear relationship similar to that of the prior art sensor is 
obtained even though an amount of the enzyme is reduced by 50 % relative to the prior art sensor. That is, no sensitivity 
is adversely affected even though the amount of the enzyme is reduced, so that a cheaper lactic acid sensor can be 
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provided which has the same performance as in the prior art sensor. 



Example 2 

s [0077] Example 1 was repeated except that purified Cf^C was used. CMC (commercially available as CELLOGEN) 
t was purified in the following manner: 

[0078] First, one gram of CMC was dissolved into 100 ml of water. Then, 300 ml of acetone was gradually added to 
- the water while stirring with a glass rod. Immediately, white fibrous CMC precipitated and it was taken out using the 
glass rod. The CMC was dried at 50 °C for 60 minutes. 
10 [0079] Thus produced tactic acid sensor was used for the measurement of the lactic acid concentration in blood and 
CV (coefficient of variation) values of the measurements (index of reproducibility; a larger CV value means worse repro- 
ducibility) are shown below: 



75 



Lactic acid concentration 


CV (%) 


(mg/dl) 




9.4 


6.2 


18.6 


2.6 


53.2 


1.6 


101,2 


0.9 



Comparative Example 3 

[0080] Example 2 was repeated except that commercially available CMC was used without purification and the lactic 
acid concentration in blood was measured. The results are shown below: 

30 



Lactic acid concentration 


CV (%) 


(mg/dl) 




9.4 


12.6 


13-6 


4.9 


53.2 


2.3 


101.2- 


1.4 



[0081] When the results of Example 2 are compared with those of Comparative Example 3. it is seen that the purifi- 
cation of CMC improves the reproducibility, so that the lactic acid sensor having the better accuracy is provided. 

45 

Ex a m p le 3 

[0082] Example 1 was repeated except that the solution for the reactive layer further comprised 0.25 % by weight of 
PAOGEN (trademark, commercially available from Dai-ichi Kogyo Seiyaku Co., Ltd.) as the alkylene oxide polymer. 
50 [0083] Thus produced lactic acid sensor was used for the measurement of the lactic acid concentration in blood and 
CV values of the measurements are shown below: 



Lactic acid concentration 
(mg/dl) 


CV (%) . 


9.4 


5.9 
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(continued) 


Lactic acid concentration 


CV (%) 


(mo/dl) 




18.6 


1.6 


53.2 


1.4 


_ 155.4 


2.3 



i; Comrv.rative Example 4 

(0084) Example 3 was repeated tc produce the lactic acid sensor except that PAOGEN was not used and the lactic 
acO concentration in blood was measured similarly using the sensor. The results are shown below; 



Lactic acid concentration 


CV (%) 


(mg/dl) 




9 4 


10.4 


18.6 


2.6 


53.2 


2.7 


155.4 


2.4 



(0085] n trom the above results that the addition of PAOGEN improves the CV values, especially in the lower 

i;*:tc accJ oxxematK^n range. It is contemplated thai the improvement would be due to the peeling off prevention effect 
oT P^rjQLN 

30 [ao8€l A '^iso' tor the measurement o1 a content of a material in liquid which material is oxidized with an oxidase 
ear/ne n wn»ch sensor a reagent layer is formed on an electrode system composed of a measuring electrode and a 
cajnie< eiectiode both of which are formed on an insulating substrate, and the reagent layer is composed of a 
hyoroprwic polymer layer comprising a hydrophilic poiymer and a reactive layer comprising the oxidase enzyme and an 
election carriet characterized in that the reagent layer further comprises a phosphate. 

35 [OOBT] The sensor as defined above, wherein the oxidase enzyme is Jactic acid oxidase and the sensor is used for 
the measurement of a lactic acid concentration in the liquid. 
[0088] The sensor as defined above, wherein the hydrophilic polymer is purified. 

[00Ei9] The sensor as defined above, wnerein at least one oi the hydrophilic polymer layer and the reactive layer fur- 
ther comprises an alkylene oxide polymer. 
<o [0090] A method for the production of a sensor comprising the steps of: 

tormng an electrode system composed of a measuring electrode and a counter electrode on an Insulating sub- 
suate, 

coalir>g at least a portion of the electrode system with a hydrophilic polymer layer by applying a solution containing 
^5 a hydrophilic polymer to the electrode system followed by drying the solution; and 

coating at least a portion of the hydrophilic polymer layer with a reactive layer by applying a solution containing a 
composition for the reactive layer comprising an oxidase enzyme, an electron carrier and a phosphate to the 
hydrophilic polymer layer followed by drying the solution. 

50 [0091] The method for the production of the sensor as defined above, wherein the oxidase enzyme is lactic acid oxi- 
dase and the sensor is used for the measurement of a lactic acid concentration in the liquid. 
[0092] The method for the production of the sensor as defined above, wherein the hydrophilic poiymer is purified. 
[0093] The method for the production of the sensor as defined above, wherein the solution containing a composition 
for the reactive layer includes 0.01 to 1 .00 % by weight of the phosphate. 

55 [0094] The method for the production of the sensor as defined above, wherein at least one of the solution containing 
the hydrophilic polymer and the solution containing a composition for the reactive layer includes an alkylene oxide pol- 
ymer. 

[0095] The method for the production of the sensor as defined above, wherein a concentration of the alkylene oxide 
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polymer in the solution is in the range of 0.01 to 1 .00 % by weight. 

[0096] A method for the concentration measurement of lactic acid in blood characterized In that a sensor is used in 
which a reagent layer is formed on an electrode system composed of a measuring electrode and a counter electrode 
both of which are formed on an insulating substrate, the reagent layer is composed of a hydrophilic polymer layer com- 
5 prising a hydrophilic polymer and a reactive layer comprising lactic acid oxidase and an electron carrier, and the reagent 
layer further comprises a phosphate. 

- Claims — 

TO 1 . A sensor for the measurement of a content of a material in liquid which material is oxidizable with an oxidase 
enzyme, in which sensor ajeagen^ayer is formed on composed of a measuring electrode and 

a counter electrode both of which are formed on an insulating substrate, wherein the reagent layer is composed of 
a hydrophilic polymer layer comprising a hydrophilic polymer and a reactive layer comprising the oxidase enzyme 
and an electron carrier characterized in that at least one of the hydrophilic polymer layer and the reactive layer fur- 

15 ther comprises an alkylene oxide polymer, 

2. The sensor according to claim 1 wherein the oxidase enzyme is lactic acid oxidase and the sensor is used for the 
measurement of a lactic acid in the liquid. 

re 3. The sensor according to claim 1 wherein the hydrophilic polymer is purified. 

4. The sensor according to claim 1 wherein the reactive layer further comprises a phosphate. 

5. A method for the production of a sensor comprising the steps of: 

forming an electrode system composed of a measuring electrode and a counter electrode on an insulating sub- 
strate: . . 

coating at least a portion of the electrode system with a hydrophilic polymer layer by applying a solution con- 
taining a hydrophilic polymer to the electrode system followed by drying the solution; and 
coating at least a portion of the hydrophilic polymer layer with a reactive layer by applying a solution containing 
a composition for the reactive layer comprising an oxidase enzyme and an electron carrier to the hydrophilic 
polymer layer followed by drying the solution, .... 

characterized in that at least one of the said two solutions further comprises an alkylene oxide polymer. 

jt 6. The method according to claim 5 wherein a concentration ,of the alkylene oxide polymer in the solution is in the 
range of 0.01 to 1 .00 % by weight. 

7. The method according to claim 5 wherein the oxidase enzyme is lactic acid oxidase and the sensor is used tor the 
measurement of a lactic acid in the liquid. 

8. The method according to claim 5 wherein the hydrophilic polymer is purified. 

9. The method according to claim 5 wherein the solution containing the composition for the reactive layer further com- 
prises a phosphate. / . . 

10. A method for the concentratioa.measurement of lactic acid In blood characterized in the use of the sensor accord- 
ing to claim 2. 



BNSDOCID. <EP 0971036A1_I. > 



Fig- 2 




J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 8452 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation oi document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



EP 0 502 504 A (MATSUSHITA ELECTRIC IND CO 
LTD) 9 September 1992 (1992-09-09) 

* page 3, column 3, line 36 - column 4, 
line 38; examples * 

EP 0 537 761 A (MATSUSHITA ELECTRIC IND CO 
LTD) 21 April 1993 (1993-04-21) 

* the whole document * 

EP 0 636 879 A (MATSUSHITA ELECTRIC IND CO 
LTD) 1 February 1995 (1995-02-01) 

* the whole docuinent * 

GB 2 230 865 A (NAT RES DEV) 
31 October 1990 (1990-10-31) 

* the whole document * 



1,5 



1,5 



1,5 



1,5 



The present search report has been drawn up tor all claims 



C12Q1/00 
G01N27/327 



TECHNICAL FIELDS 
SEARCHED (mt.CI.6) 



C120 

GOIN 



PIK8 ot teatctt 

THE HAGUE 



Oai» ot compl«ton o1 the warch 

20 October 1999 



Examiner 

Moreno, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly roktvant t1 taK«n atone 

Y : particulorv relovant ff combined wltti artotrwr 

documftnl ot the aame category 
A : tectinolo^cal backgrourxJ 
0 : non-wntten diacloaure 
P : intermediate document 



T : theory orpnncipie unOertyir»g tt»e invention 
E : earlier patent (tocument, but publiahed on, or 

atter the filing date 
D : document cited in the application 
L : document citec tor other reaaons 

& : member of the same patent family, corresponding 
document 



14 

BNSDOCtD. <EP_„0971036A1„L > 



EP 0 971 036 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 11 8452 



T his annex lists ihe patent tamily memDers relating to me patent documents clieo in me above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable lor tfttree particulars which are merely given lor Ihe purpose of information. 

20-10-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0502504 


A 




DE 


69220591 D 


07-08-1997 








OE 


69220591 T 


18-12-1997 








JP 


2671693 B 


29-10-1997 








JP 


5119013 A 


14-05-1993 








US 


5192415 A 


09-03-1993 


EP 0537761 


A 


21-04-1993 


DE 


69221808 D 


02-10-1997 






DE 


69221808 T 


02-04-1998 








EP 


0735353 A 


02-10-1996 








JP 


5340915 A 


24-12-1993 








US 


5264103 A 


23-11-1993 








JP 


2658,769 B 


30-09-1997 








JP 


5196'596 A 


06-08-1993 


EP 0636879 


A 


01-02-1995 


JP 


7083872 A 


31-03-1995 








US 


5658443 A 


19-08-1997 


GB 2230865 


A 


31-10-1990 


MO 


9013021 A 


01-11-1990 



For more details about this annex :see Oflicial Journal of the European Patent Office. No. 12/82 



